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Objective: The purpose of this study was to present the experience with aneurysm rupture after deployment of
Guidant/EVT (Guidant) endografts and review previously reported cases with other devices.
Methods: Records from Guidant/EVT clinical trials and postmarket approval databases from February 1993 to August
2000 were analyzed to identify patients with rupture and to extract pertinent data. Previously reported cases were
obtained with a Medline search.
Results: Seven ruptures were found with Guidant/EVT devices. Five of these occurred among the 686 patients in US
Food and Drug Administration protocols (group I) who were followed for a mean of 41.8 21.9 months and limited to
the subgroup of 93 first generation tube endografts. Two ruptures occurred in group II (3260 patients after market
approval with limited follow-up), specifically in the subgroup of 166 patients who underwent treatment with second
generation tube grafts. No ruptures were found in patients with bifurcation or unilateral iliac implants followed for a
mean of 37.5 months. All ruptures were caused by distal aortic type I endoleaks on the basis of attachment system
fractures (first generation devices only), aortic neck dilatations, persistent primary endoleaks, migration, overlooked
imaging abnormalities, refused reintervention, and poor patient selection. The mortality rate was 57% (4/7) overall and
was 50% for surgical repair (3/6). A literature search identified 40 additional ruptures related to other devices, for a total
of 47. All 44 that were documented with adequate data were caused by endoleaks (26 type I, 2 type II, 11 type III, and
5 source not reported). Other contributing factors were graft module separation and graft wall deterioration. The overall
mortality rate for the combined series was 50%, with an operative mortality rate of 41%.
Conclusion: Postendograft AAA rupture is infrequent, although the true incidence rate is unclear because of inadequate
follow-up of individual device designs. Tube endografts should be limited to the rare patient with ideal anatomy, no other
alternatives, and at high risk for standard open repair. Prevention of aneurysm rupture requires long-term surveillance
with attention to subtle imaging abnormalities and the establishment of reliable follow-up protocols for specific devices.
The outcome of postendograft aneurysm rupture is similar to that of rupture without prior endograft therapy. (J Vasc
Surg 2002;35:1155-62.)
Since the initial description of endograft repair by
Parodi, Palmaz, and Barone,1 several reports have been
published of rupture after endograft implantation.2-18 The
primary purpose of this study was to describe and analyze all
ruptures of abdominal aortic aneurysms (AAAs) after en-
dograft repair with devices developed by EndoVascular
Technologies (EVT), Inc, part of Guidant Corporation.
This experience has been compared with information
concerning ruptures after repair with other devices that has
been reported in peer-reviewed publications to estimate the
frequency and causes of postendograft rupture and to im-
prove strategies for postimplant surveillance, management,
and prevention.
MATERIALS AND METHODS
The records of all patients who received Guidant/EVT
endografts from the beginning of clinical trials on February
10, 1993, until August 31, 2000, were reviewed to identify
all aneurysm ruptures occurring after device implantation.
The study included patients treated with the first genera-
tion Endovascular Graft System and second generation
(ANCURE) devices.
Guidant/EVT implants are fabricated from standard
woven Dacron grafts configured as tube, bifurcation, or
aortouniiliac prostheses. They are unibody in design, with
no additional modules. Self-expanding elgiloy metal at-
tachment systems with hooks provide graft fixation to the
arterial walls above and below the aneurysm. No additional
longitudinal or circumferential support exists, except for
auxiliary stent deployment in graft limbs.
Patients were divided into two groups on the basis of
the methods of data acquisition. Group I consisted of 686
patients who underwent implant insertion in US Food and
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Drug Administration (FDA)–approved clinical trials be-
tween February 1993 and November 1998. Initially, 93
tube and 10 bifurcation endografts of a first generation
(Endograft System) design were implanted from February
1993 until January 1995 when trials were suspended be-
cause of attachment hook fractures. Trials were resumed 10
months later with second generation devices (ANCURE)
with modified attachment systems. This phase II investiga-
tion included 242 patients with bifurcation endografts, 141
with tube endografts, and 114 with unilateral aortoiliac
endografts. In phase III, 86 patients received 9 tube and 77
bifurcation ANCURE devices. Group I patients were mon-
itored in a 5-year surveillance program mandated by the
FDA as a condition for market approval. All available
records, including postimplant imaging studies, through
August 31, 2000, were evaluated to determine the time
interval after implant, the cause of rupture, the findings at
surgery or autopsy, and the treatment and outcome.
Group II consisted of 3260 patients who received 166
tube and 3094 bifurcation Ancure endografts. Of these,
3108 patients underwent treatment after market approval
from September 28, 1999, until August 31, 2000, and 152
underwent treatment in European centers with European
Certification (CE mark) approval. These implants were not
subject to the stringent monitoring requirements man-
dated for group I. Accrual of information depended on
reports received by the company from implanting physi-
cians and device user facilities under the FDA-monitored
Medical Device Reporting system and on the basis of an
approved device tracking system established by the com-
pany. Group II patients with rupture were investigated by
direct contact with the implanting physicians.
A Medline literature search was conducted to identify
all peer-reviewed publications through December 2000
that reported aneurysm rupture after endograft repair.
Available information regarding time from implant to rup-
ture, causative factors, surveillance imaging, the findings at
surgery or autopsy, treatment, outcome, and device type
and manufacturer were extracted and tabulated along with
the data from Guidant/EVT cases.
RESULTS
Aneurysm rupture occurred in seven patients with
Guidant/EVT devices, five in group I and two in group II.
Cases 4 and 5 were published previously in less detailed
form.17,18
Case reports: group I
Case 1. Patient MZ. A first generation tube endograft
was implanted in the aorta of this 76-year-old white man to
exclude a 6-cm AAA on July 8, 1993. Distal attachment site
leak, noted on discharge computed tomographic (CT)
scan, closed spontaneously by 12 months. A lumbar leak
with aneurysm expansion was successfully treated with
branch embolization. The distal type I endoleak reappeared
at 5 years with increasing AAA diameter. Insertion of stents
failed, but the patient refused standard surgical repair. Rup-
ture, confirmed with CT scan, occurred 85 months after
implant, at age 83 years. At surgery, supraceliac cross clamping
was required, and a bifurcation graft was inserted. The patient
died from sepsis and multiorgan failure on the 21st postoper-
ative day. Dilatation of the distal neck and an attachment hook
tip fracture that were noted after the endograft was excised
were the apparent causes of endoleak and rupture.
Case 2. Patient GW. On March 14, 1994, a first
generation tube endograft was deployed to exclude a 5-cm
AAA in this 74-year-old white woman. A proximal leak,
noted on the discharge CT scan, closed spontaneously. An
abdominal x-ray at 12 months revealed multiple fractures of
the proximal attachment system without endoleak. At 48
months, a distal attachment hook fracture was noted with
upward displacement of the posterior portion of the attach-
ment frame. (Fig 1, A). A distal endoleak, suggested with
ultrasound scan, was not confirmed with CT scan. How-
ever, a retrospective review of scans obtained at 48 and 61
months revealed widening of the distal neck with proximal
extension of contrast between the attachment frame and
the aortic wall but not into the aneurysm sac (Fig 1, B). A
midgraft kink appeared at 4 years. The widest diameter of
the AAA sac diminished to 2.9 cm. Rupture occurred 62
months after implant, at age 79 years.
Infrarenal aortic control was achieved, after which an
endoleak was shown on the posterior aspect of the distal
attachment site. However, the endograft was firmly fixed
proximally despite the fractures. The graft body was ligated
above the endoleak, and the iliac arteries were ligated near
their origins. A bifurcation graft was sutured to the retained
endograft with bypass to the distal iliac arteries. The patient
died with renal and respiratory failure on the 14th postop-
erative day. Autopsy confirmed the operative findings.
Rupture was caused by a distal type I leak that was related to
hook fracture, a widened distal aortic neck, and migration
of the posterior aspect of the attachment system.
Case 3. Patient LW was a 61-year-old white man
whose 5-cm AAA was repaired with a first generation EVT
tube endograft on July 6, 1994. A type I endoleak arising
from the distal attachment site was shown with ultrasound
scan 2 months after implant, and a distal attachment hook
break was noted at 6 months. The leak was repeatedly
shown with ultrasound scan although not seen with aor-
tography. The aneurysm diameter increased to 6 cm.
Planned conversion to standard repair was postponed on
the basis of a myocardial infarction. Rupture occurred 19
months after implant at age 63 years. The patient died with
cardiac complications on the 2nd day after open repair. The
distal attachment endoleak that had been present since
implantation was the cause of rupture. The hook fracture
may have been a contributing factor.
Case 4. Patient CM. The 5.9-cm AAA in this 70-year-
old white man was treated with a first generation EVT tube
graft on October 6, 1994. A distal attachment site endoleak
that had been shown on completion arteriography closed
spontaneously by 6 weeks. Distal attachment fractures were
noted at 22 and 26 months. In retrospect, progressive
separation of the hooks from the distal frame was seen (Fig
2, A), suggesting proximal migration. The immediate post-
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operative leak did not recur, and the aneurysm diameter
decreased to 4 4.1 cm at 31 months (Fig 2, C). Rupture
occurred 32 months after implantation at age 73 years. CT
scan confirmed the rupture and revealed that the distal end
of the graft was fully separated from the aortic wall by a
layer of clot without an endoleak (Fig 2, B). A dilated distal
aortic neck also was discovered, and the aneurysm had en-
larged to 4.9 6.1 cm (Fig 2, D). Repair required a thoraco-
abdominal incision for supraceliac clamp placement. The dis-
tal attachment system site was floating free, whereas the
proximal endograft was well attached to the aortic wall and
was left in place. A tube graft was sutured to the proximal
retained segment of the endograft and the adjacent aneurysm
wall. The patient was doing well 32 months later. Rupture was
caused by attachment fractures and widening of the distal
neck, thus permitting upward migration of the graft without
prerupture evidence of endoleak.
Case 5. Patient WM. A first generation tube endograft
was successfully implanted to exclude a 4.8-cm diameter
aneurysm in this 62-year-old white man. The aneurysm
diameter increased to 5.3 cm at 18 months with no evi-
dence of endoleak. A hook fracture appeared in the distal
attachment system, and a questionable leak was noted with
ultrasound scan study at 22 months. At 24 months, an
additional distal hook fracture with proximal migration was
seen that was associated with a 1-cm separation of the
fractured hooks from the frame. Although no direct leak
into the sac was found with CT scan, in retrospect, a
widening was seen of the aortic bifurcation with proximal
extension of contrast between the distal attachment system
and the aortic wall and partial detachment of the graft from
the aortic wall. However, the aneurysm diameter remained
stabile. Rupture occurred 25 months after implantation at
the age of 64 years. At surgery, infrarenal aortic control was
achieved. The distal attachment system was free floating in
the sac. The endograft was transected below the firmly fixed
proximal attachment system, and a tube graft was sutured
to this remnant. The patient recovered and was well 3 years
later, although CT scan revealed an increase in the diameter
of the infrarenal aortic segment containing the retained
portion of endograft. Rupture was caused by an endoleak as
the result of attachment fractures, widening of the distal
aortic neck, and graft migration.
Case reports: group II
Case 6. Patient CA, a 70-year-old white man, had a
second generation tube graft (ANCURE) implanted to
exclude a 4.5-cm AAA on June 28, 1996. No endoleak was
seen, but the AAA diameter was unchanged at 13 months.
The patient did not return for further follow-up until
hospital admission for rupture at age 74 years, 45 months
after implant and 32 months since the last evaluation. CT
scan and surgery confirmed the rupture and showed device
separation from a dilated distal neck with an endoleak (Fig
Fig 1. Case 2. A, At 48 months, proximal fracture fragments (black arrows) that were present since 12 months after
implant were stabile with minimal migration. Distal frame was tilted up because of posterior hook fracture with
fragment separation (white arrows), and graft was kinked. B, CT scan cut through distal attachment site 1 year before
rupture revealed widened distal neck with dye between graft and aortic wall at site of hook fracture posteriorly and
partial separation of graft from aortic wall by clot. This limited attachment leak did not extend into AAA sac.
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3, A). A suprarenal clamp was required, and the aneurysm
was successfully repaired with a tube graft. No evidence of
graft or attachment system deterioration was found. The
cause of rupture was a type I endoleak arising from progres-
sive dilatation of the distal aortic neck.
Case 7. Patient AK was a 93-year-old white woman
with a painful and tender 5-cm AAA. The patient refused
open surgery and was a poor candidate for endograft
placement on the basis of a short (7-mm) proximal aortic
neck, a wide distal neck, and aneurysmal iliac arteries. A
second generation (ANCURE) tube endograft was de-
ployed through a left retroperitoneal conduit on January
19, 2000. No endoleak was seen; nevertheless, the distal
end of the graft appeared to be implanted in thrombus.
Pain and tenderness disappeared, but the aneurysm re-
mained pulsatile. Rupture, confirmed with CT scan with-
out contrast, occurred at 6 months. The aneurysm diam-
eter had increased to 7.8 cm, with wide separation of the
Fig 2. Case 4. A, Separation of distal fracture fragments
from attachment frame was seen 31 months after implan-
tation with development of bend in graft because of prox-
imal migration of distal attachment site. B, Postrupture CT
scan revealed dilated distal neck and separation of attach-
ment system from aortic wall, surrounded by clot without
endoleak. C, AAA diameter expanded from 4  4.1 cm 1
month before rupture to 4.9  6.1 cm. D, At time of
rupture.
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distal attachment system from the aortic neck and an
endoleak. The patient refused intervention and died
shortly after admission. Rupture was caused by failure to
achieve distal aortic attachment in a patient who was
anatomically a poor candidate for endograft therapy.
Review of published cases
We were able to collect 40 cases of ruptured AAA after
endograft repair that have been published in referenced
journals. The pertinent data relating to these ruptures plus
the seven patients with Guidant/EVT are fully described in
an Appendix (online only). Bifurcation grafts had been
inserted in 30 patients, 12 patients received tube implants,
and no information concerning the endograft configura-
tion was recorded for five patients. The average age of the
24 patients with available data was 73.8 years, and 22 of
these patients (88%) were men. Endografts were provided
by a diverse group of manufacturers (Appendix, online
only). The delay from implant to rupture ranged from 3
days to 85 months, with a mean of 16.4 ( 16.8) months
(median, 16 months).
The causes of rupture were described in varying detail
for 44 of the 47 reported cases (Table I). All were caused by
endoleaks except for one patient with endotension that also
was probably related to an underlying proximal endoleak
on the basis of prerupture imaging that showed graft mi-
gration. All type III endoleaks occurred in patients with
modular implants. Thirteen of the endoleaks were primary
(ie, recognized at implantation), and 12 were type I.
Among the primary type I endoleaks, rupture occurred
within 1 month of implantation in five patients and within
6 months in nine.
Factors that contributed to endoleak and rupture are
listed in Table II. In several instances, multiple problems
prevented an effective attachment seal. Postimplant aneu-
rysm diameter was recorded in 21 of the 42 patients with
more than a 1-month follow-up period (Table III). Three
of the 13 patients with an increase in aneurysm diameter
had this change noted only with a postrupture CT scan. Of
the nine patients with either no change in aneurysm diam-
eter or smaller aneurysms, no postrupture imaging infor-
mation was available in eight to determine whether a diam-
eter change had occurred since the last prerupture CT scan
had been performed.
Abnormalities identified in follow-up imaging studies
and their times of appearance are recorded in Table IV. An
endoleak was not identified before rupture in 13 patients,
but, in retrospect, a limited leak was identified in two of
these patients. Only three patients had no evidence of
endoleak or any other imaging abnormality before rup-
ture.4,14 Additional abnormalities were present in the re-
maining 10 patients. However, almost half (11/23) were
recognized only after rupture had occurred (n 4) or were
identified in retrospect (n  7).
Open surgical repair was performed in 40 of 47 patients
(Table V). Suprarenal clamp application was required in
73% (11/15 for whom information was available). The
perioperative mortality rate was 41%.
DISCUSSION
Ruptures after implantation of Guidant/EVT en-
dografts have certain unique features. All occurred in
patients with tube grafts, and all were a consequence of a
type I endoleak that developed at the distal aortic attach-
ment site. Five occurred in the 93 patients who had tube
grafts that were followed for a mean of 41.8 months
(median, 43 months) among the total of 103 patients
with first generation devices that were prone to develop
attachment mechanism fractures. The remaining two
ruptures occurred in the subgroup of 166 patients of
Fig 3. Case 6. This CT scan showed ruptured aneurysm with dye
extravasation into perianeurysmal hematoma (circle 1). Distal aor-
tic neck was dilated at level of lower end of attachment frame
(upper arrow) and was source of distal endoleak (lower arrow).
Table I. Causes of rupture (n  44 of 47 patients; cause
not reported in three patients)
Type and source of endoleaks No. of patients
Type I endoleak 27
Proximal attachment3,5,9,10,12,14,16* 12†
Distal attachment 14
Aorta2,5,16,17,18,PS 10†
Iliac12,14 4
Site not reported13 1
Type II endoleak16 2
Type III endoleak 11
Modular disconnection4,8,14,15 5 (2‡)
Stent erosion through fabric11 1
Details not reported16 5
Leak present, source not reported6,7 4
*Bibliographic references.
†Three patients met criteria for endotension (AAA enlargement in absence
of detectable endoleak before AAA rupture). One had proximal leak shown
at surgery.3 Another was classified as proximal leak on basis of known
migration at proximal neck; however, no post rupture CT scan, surgery, or
autopsy was found to verify this presumption.10 A third had initial increase in
AAA diameter that remained stabile until rupture from distal aortic en-
doleak. Endoleak was recognized in retrospect.PS
‡Associated fabric tear in Dacron graft wall and disruption of sutures
attaching it to metal frame.
PS, Present series.
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group II who received second generation tube en-
dografts after market approval. Attachment hook frac-
tures, which occurred only in first generation endografts
in group I, were a causative factor in three of the ruptures
and possibly contributed to ruptures in two other pa-
tients. In the remaining 583 patients in group I, all of
whom received second generation devices, of which 150
were tubes, no fractures or ruptures were seen during a
mean follow-up period of 40.7  15.5 months (median,
44 months). Widening of the distal aortic neck after endograft
placement was a significant issue, in addition to attachment
fracture, in four of the five patients in group I and was the only
cause of endoleak in one patient in group II. This problem has
been evaluated by Matsumura and Chaikof,17 who showed
progressive widening of the distal aortic neck over a 2-year
period after insertion of tube endografts.
Bifurcation endografts avoid the problems associated
with the distal aortic neck. This advantage appears to be
confirmed by the absence of ruptures among the 433
patients who received bifurcation and aortouniiliac im-
plants in group I and have been followed for a mean of
37.5 months (median, 41 months). Furthermore, no
ruptures were reported among the 3094 patients with
bifurcation implants in group II, although it must be
emphasized that most of these patients have been fol-
lowed for less than 1 year under a much less stringent
protocol. This experience suggests that tube endografts
should be limited to those few patients who have ideal
anatomy that is within device manufacturers’ guidelines for
attachment in the distal aorta, who are poor candidates for
deployment of other endograft configurations, and who are at
high risk for open surgery.
The literature review that we conducted and our own
cases support the contention that rupture is the result of
failure to effectively exclude the AAA from arterial pres-
sure, invariably because of an endoleak. However, this
complication was not shown before rupture in 42% of
patients. Although most of these patients had other abnormal-
ities noted on prerupture imaging studies, several were recog-
nized only in retrospect. The fact that nine of 19 patients
(Table III) for whom prerupture information was available
had either no change or a reduction in the diameter of their
aneurysms before rupture suggests that the absence of aneu-
rysm enlargement may not be a sign that all is well. However,
most patients who had no AAA enlargement had other abnor-
mal findings identified before rupture. Only three patients had
no evidence of endoleak, no increase in diameter, and no
other imaging findings to suggest the potential for rupture.
In this investigation, some patients, who appeared to
be doing well, sustained ruptured aneurysms within a few
months after apparently normal studies and only then
were recognized to have abnormal findings retrospec-
tively. During the early experience with any rapidly
emerging technology, subtle abnormalities and their
implications may not be appreciated. Unfortunately, pre-
cise techniques for imaging and their frequency of appli-
cation have not been defined by investigations with the
benefit of long-term follow-up. In an attempt to provide
interim guidelines until more definitive data are avail-
able, an ad hoc group of investigators has recently pub-
lished the following protocol for surveillance: a, multiple
view abdominal radiographs and helical CT scans should
be obtained at 6-month intervals indefinitely; b, the
frequency of examinations should be increased for pa-
tients with type II endoleaks or failure of the aneurysm to
decrease in size; and c, patients with types I and III leaks
Table II. Factors contributing to endoleak and
postoperative rupture (information reported for 34 of 47
patients)
Contributing factors
No. of patients
with
contributing
factor
Loss of endograft integrity4,5,8,11,14,16,PS 16
Endograft migration5,10,14,16,PS 10
Severe angulation of proximal aortic neck12,14 6
Dilatation of distal aortic neck after implantPS 5
Patient refused intervention for endoleak2,14,PS 5
Delayed or discontinued follow-up3,14,PS 4*
Surgical conversion delayed5,12,PS 4
Poor patient selection 3
Wide distal neck lined with clot2,PS 2
Iliac artery attachment site too wide12 1
Short proximal aortic neck14 2
Error in deployment technique14 2
Stiff graft body design14 2
Proximal neck thrombus3 1
Short distal aortic neck2 1
Low graft implantation14 1
AAA shrinkage14 1
Total 63
*Two patients did not have CT scan for 11 months, although this delay was
within prescribed time frame of investigational protocol.
Multiple contributing factors were reported in several patients; two in seven
patients, three in seven patients, and five in two patients.
PS, Present series.
Table III. Changes in maximum aneurysm diameter in
patients followed for more than 30 days (information
recorded for 21 of 42 patients)
Changes in diameter No. of patients
Increase3,5,10,14,PS 12*
Noted only on postrupture CT scan8,PS 2
Decrease initially, increase on postrupture
CT scanPS
1*
Decrease4,14,PS 3† (4*)
Increase on postrupture CT scanPS 1*
No change2,11,14,PS 6‡
Total 21 (19§)
*One patient had decrease in diameter on CT scan 1 month before rupture
and increase on postrupture CT scan.
†Time interval between last prerupture CT scan until rupture for three
patients with decreasing AAA diameter was 1, 2, and 11 months.
‡Time interval between last prerupture CT scan until rupture for patients
with no change in AAA diameter was 1, 2, 3, 3, 11, and 32 months.
§Prerupture information was available in 19 of 21 patients.
PS, Present series.
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or with aneurysm expansion of 3 to 5 mm should undergo
evaluation with angiography with the intent to treat.19
The loss of device integrity manifested by modular
disruption, fabric tears, and attachment system fractures
was the most common underlying problem contributing to
rupture. This occurred in 14 of the 34 patients (41%) for
whom sufficient information was available to make this
judgement and may have been contributory in two others.
Although these problems appeared most often with early
generation designs that are no longer manufactured, many
patients who have older endografts in place still remain
vulnerable to rupture. Newer endografts have been followed
for too short a time to determine their durability. Therefore, it
is mandatory that rigorous surveillance be applied to all pa-
tients until sufficient long-term evidence exists to define the
most reliable follow-up regimen for any given device.
Prevention of rupture may have been possible in some
of the patients if there had been consistent application of
anatomic criteria for exclusion and strict adherence to
prescribed follow-up regimens. Others may have benefited
from a shorter interval between follow-up studies or more
aggressive intervention in the presence of subtle findings
suggesting loss of endograft integrity or the potential for
endoleaks. These speculations underscore the need to pro-
mulgate information regarding postimplant imaging find-
ings to improve endograft surveillance and management.
Only two ruptures (4.3%) were caused by isolated
branch or type II endoleaks. This type of endoleak is the
most common source of perigraft flow but usually is asso-
ciated with nonexpansion or even reduction in aneurysm
diameter.20 Nevertheless, significant elevations of AAA sac
pressure and increased aneurysm diameter have been mea-
sured in patients with leaks of this kind.21 Aneurysm en-
largement and rupture from persistent branch flow have
been reported by Darling et al22 after open retroperitoneal
repair with the exclusion (bypass) technique. Finally, the
limitations of current imaging methods may allow type I
Table V. Management and outcome (n  47 patients)
Therapy
No. of
patients
Survived/No.
of patients (%)
Postimplant rupture 47 23/46* (50)
Open surgery2-6,8,11,12,14-16,PS 40 23/39 (59)*
Supra renal clamp3-5,8,14,15,PS 11 8/11 (72.7)
Infrarenal clamp2,5,14,15,PS 4 3/4 (75)
Clamp level unknown5-7,11,12,14,16,PS 25 12/24 (50)*
No therapy2,10,16,PS 5 0/5
Management not recorded13 1 0/1
No information9 1 ?/1
*Outcome was not reported for one treated patient.
PS, Present series.
Table IV. Imaging findings in patients with rupture after endograft implantation (information available for 31 of 47
patients)
Imaging findings No. of patients*
Noted before
rupture
Noted after
rupture
In retrospect
(before)
Endoleak identified with imaging before rupture
(n  18 patients)2,5,6,8,9,11-14,PS
Other imaging abnormalities
Increase in AAA diameter 8 8 0 0
Persistent branch leak 2 2 0 0
Migration 1 0 1 0
Widening of distal aortic neck 1 1 0 0
Kink 1 1 0 0
Attachment frame fracture 1 1 0 0
Total 14 13 1 0
Endoleak not identified before rupture (n  11) or
identified in retrospect (n  2)2-4,10,14,PS
Other imaging abnormalities
Migration 6 (3†) 1§ 2 3
Attachment frame fractures 3† 3 0 0
Inadequate modular overlap 1 0 0 1
Widening of distal aortic neck, detached from graft 4‡ 0 1 3
Increase in AAA diameter 4 3 1 0
Distal attachment deployed in clot 2 2 0 0
Proximal attachment low in neck 2 2 0 0
Graft kink 2 (3†) 2 0 0
Total 23 (29†) 12 4 7
No abnormalities identified before rupture4,14 3
*Several patients had more than one finding.
†Three instances of endograft migration and three kinks were reported from Eurostar Registry, but relation of type and time of appearance to specific endoleaks
was not recorded.18
‡All of these patients had Guidant/EVT tube grafts. Three patients with endotension.
§No surgical, autopsy, or imaging findings were found to confirm likely proximal leak.
PS, Present series.
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and type III leaks to masquerade as type II leaks. Therefore,
type II endoleaks should be carefully monitored over the
long term with a plan for aggressive intervention in the
event of aneurysm expansion or graft migration.
Primary type I endoleaks have a tendency to rupture early,
which supports Chuter’s recommendation to treat primary
leaks without delay.12 However, there were not enough cases
and no reliable denominators for the various implant config-
urations in our collective series to determine which attach-
ment site is more vulnerable, and no information was reported
correlating leak severity with the likelihood for early rupture.
The frequency of rupture is difficult to assess because
many cases were reported as isolated anecdotes or from sub-
groups of patients with specific endograft designs that were no
longer used even in subsequent patients in the same series. For
instance, five ruptures, 4.9%, were seen in the 103 patients
with first generation EVT grafts in group I (median follow-up
period, 42 months), but none was seen in the next 583
patients in this group who received second generation grafts
(median follow-up period, 41 months). The remaining two
ruptures occurred among the 3260 patients who had limited
follow-up in group II and were confined to the subgroup of
166 patients who received tube grafts. Harris et al16 calculated
a rupture rate of 1.4% during the first year and 0.6% for the
second year with life table analysis of the patients from the
Eurostar Registry, which included early and late generations
of devices from multiple sources. Similarly, Zarins, White, and
Fogarty14 noted a 0.4% risk for rupture during the first year
and a 2.6% risk during the second year after repair with two
variants of the AneuRx device (Medtronic AVE, Santa Rosa,
Calif). Prospective long-term evaluation of specific devices will
be necessary to determine the reliability of endograft exclusion
to prevent rupture.
The outcome of rupture after endograft repair is similar
to that expected for patients without prior endografts when
the overall experience reported herein is considered and
that reported from the Eurostar,16 AneuRx,14 and Guidant
databases. Although the number of cases is small, suprare-
nal clamp application did not appear to correlate with a
higher mortality rate.
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